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First Alignment of the CMS Tracker and Implications CMS
for the First Collision Data

presented by M. Musich — Universita degli Studi di Torino / INFN Torino
The CMS Tracker Layout Alignment goal

« The CMS Tracker is the main tracking device of the CMS experiment, entirely realized with  Tracker alignment in one of the crucial factors to reach the design
silicon technology and it is the largest detector of its kind in the world resolution of the CMS detector.
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T ———  Volume 24 m3/ covered area 200 m?  Goal: nail down to a few pm the positions of all 16,588 (x 6 dof)
uter Barrel — \ . Running temperature: -10° C silicon modules of CMS Tracker.
6 | 2 DS Pixels
ayers (2 DS) . STRIP detector: a\'\%“g\':\e Wy o U - The six alignable degrees of freedom of a
) . N O- I T CMS Tracker module Ap =(Au,Av,Aw,a,B,Y)
15148 modules: (pitch 80 — 205 pm) Cig( "« 3 translations and 3 rotations w.r.t the

- 2D measurements from DS modules, tilt 100mrad =
 PIXEL detector:

: ey _ - (i > & Alignment strategy in CMS:
7 1440 m.odules. (Pitch™100{ax1 S0(zyfatin ) Use all available data sources.
- resolutions: 9(r) x 20(z) pm

<& Surveys (optical/mechanical,...)
& Laser Alighment
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- single point resolution of 20 — 60 pm 4\%% nominal geometry have to be determined
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L | & Track Based Alignment
L Cmporion T CUE| . . N P T
The CMS Colla e LHC, 2008 |  From older experiments: ultimate precision is achieved using track
| experiment the — based alignment, i.e. particles crossing in situ the Tracker volume
/
TraCk Based Al Ig N ment « The challenge is to determine at O(10um) corrections for the 6 d.o.f (3 rotations + 3
translations) for each of the > 16k modules in CMS Silicon Tracker!
« Define a Global Track x?*function: (gnment refitted ; roconstructe d\ « A complex system of equations to be solved: 16.5k modules x 6 d.o.f. ~ 100k unknowns
N tracks hits A : \5 = -
2_ Y nz: r y-1 con®® track [ » Fast and robust algorithms are deployed in the CMS framework.
X =N 1rii(p5qi) i ri(p,q;) o~ _%j Alignment Algorithms
=1 i= ~7 : ? :
A e Local Iterative Method: E’"Xivoe;og Global Method: “Millepede 11” E\”MA 566 5200]
— _ - - : , -U809.3 . ] ' 6
ri(p,q;)=m;—1;(p,q;) design / v “Hit and Impact Points” 523 Linearize track model f (p,q))
I its I I
where: geomet,y\A real geometry , fe o . Tracks + Surveys | 252 function of the aligment parameters a
- _ _ _ LY __// X/oc—zi: Fi(Pm) Vi ri(pm) to fix all the ) of;, of; 2
. V, = covariance matrix from fit " R4 . Surzviysr? pul V2ir (ol alignable degrees .2 )_trachs%:ts Yi—F;(po, q10)+ﬁa+aqj5qj
. p = alignment parameters T2 p \Em BeiTeiPm) - of freedom P:q)= 2, 2 o |
(module position/orientation) ifm(pac; point
A(P:q i Minimization leads to the matrix equation
. (. = track parameters ij _ Ty-L g Ty-L,|. —Aar :
| : : < residual F.( A Pn Z GV Z JiVioonls o Ji=0nloPm | ca=b which has to be solved to extract a
. r,(p,q) = residual: difference N (P9 Yy
bEtween_ I:neasured position m, _ _ Pros | full Kalman Filter | simple implementation, Pros model module less CPU with one or
and position extrapolated from fit f (p,q) (depending on p and q) track model all d.o.f. correlations few iterations
. Aligment algorithms attempt to minimize this x? function and Cons |ignhore correlations | large CPU with many Cons simple helix large matrix may limit
therefore track residuals In one iteration iterations ¢ trajectory model total N of alignables
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—, Alignment with cosmic rays Implications for first collisions
U :
. First complete alignment of the CMS Traker | »_The all-silicon design of the tracking system of the CMS experiment is expected
performed at'the Cosmic Run at Four Tesla (CRAFT) - to.provide 1-2% resolution for 100 GeV tracks and an efficient tagging of b-jets.
« A "global run”: all CMS subdetectors:participating Imbpactof Alianment on trackin 4 y |
to the data taking | & | r? gk I 9 . e
: : « ldea: split the cosmictracks along impact parameter an
* Data taking 24/7 for 3:weeks (Oct 2008) compare the five track parameters X=(p,,d,_,d,¢,0,) of top i
 Major milestone demonstrating CMS capability of 5 and bottom halves uppe
running over long periods : . . _ Xtop= X bottom
e ; \ « Define residuals as: F= =
« 300 Million cosmic muon triggers collected @ 3.8 T V2
« Chance of performing alignment and calibration as X o~ _
an input to collision data taking R e (4 7/pT@' e o\ A9 40 47 reiittedlowerteg
™ 5 i (SCCJ y % 0.08— gr?n?an;zé.o!:rr; . S
: N OATAraled i 18 |7 mentaem 1« Alignment has a
& - " y " b = B RMS = 107.3 um 1 - »
: Alignment Strategy _ I v | 71 dramatic impact on
« Run a multi-step approach for both algorithms: 2 gos|  ms-swmoscon 1B el i ] 1 the resolution of:
- large structure movements (coherentv.alignment == 5 | oo CMS 2008 | 2 |  rus-wom | cms 2008 | | * dy(transverse
of Single Sided modules) : - 0.02- - ";ﬂ/Pa(fit pa':ameter)
I . i i > P, indl ot e __4, 'l e T ) p rac
- Alignment of the two sides of 2D-strip modules o T I T R W cur\;ature)
L e e— ( UnltS).' uw,y ol A (1/p) N2 [c/GeV] A d, /N2 [um] )
Track Momentum [GeV/c] _ = H H . ; =
j module-level allgnmer?t <_>f StI‘IP an_d pixel modules _ b_‘a%;‘; Monte Carlo Stu_dles
Final Approach 2 RS AR AL ‘s\e“c\l) I asraiman o ‘Batagging relies completely on tracking performance:
: _ ] % 0.4 gi}ﬁ sg jets, TrackCounting HighEff | _,,p*"";:";—ﬁ
Get the best from both algorithm, combining Z : R 4 N ' Needs clear separation
the two: 5 o0s 10} o fatmrd Verier @ :u@mx between primary and
1) run the global method — solves global E 2 | e .j o Jet secondary vertices
correlations efficiently 02 .| A __ \
2) run the local method — solves locally to | _« all b-tag algorithm are sensitive to alignment
match track model in all degrees of freedom 0.1 . e, ] i | :
=All the three results are compatible but the e - both positions and errors important
Combined shows the best performance oo g == | e‘Several misalignment scenarios considered
5 e 010203040506 07 0809 1 .
N UL ; bjetefficiency = o Flight distance significance and hence b-tag efficiency
: - | e improves with accumulation of statistics for alignment
Validation Methods Bl GO i bbb,
. Alignment recovers the average position: |* Idea: use tracks passing in regions™ ™ o * isonw.rt.) One last caveat ...
-y = . L s %% Compar
of modules along the sensitive coordinate;|. Where modules overlap within.a layer  : | o design geometry
ST : - : - - 1§ ™ fsystematic [/ 9
_ check the Distribution of Median of - Check difference of residual-values i S tartion and Bwf :
Residuals (DMR) for the overlapping measurements: £ realigned geometry 0 LR i S
(Omg o, Sensitive to the | Sl Ko aned gonty " _ || B=cf)  CMS 2008
c%‘ 300il_5’1§£.‘|’0‘.’1";1‘§1‘|"e""'é'“' incoherent % T  Agned geamt ke " g ol I /sgstematic_. saonf | E
§ | e displacements o S R e R P/ distortion | | |
~ of the modules E SN oo ol A ] | = N 222)
3 | Eedoe || CMS 2008 ‘éviﬁﬁ'ri\?gﬁ the ol SETREATIE o Alignment impact on di- o tlon L el
S ol N e g g et e muon invariant mass . There are systematic distortions which affect slightly
: F || coordinate ift 5 CMS2008 | . resolution.wz the X2 but bias significantly physics results
N N, | ; ~———— «- *Alignment is critical for .As an example: twist distortion cannot be recovered
50 0 R [pr?10] Barrel Layer h|gh pT muons

¢ only with cosmic rays = collisions needed!
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